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This appendix shows the SEM/EDS results for the metal galvanized steel coupons under
two categories: (1) unsubmerged and (2) submerged. Unsubmerged coupons were
contacted with the solution only during the initial 4-hour spray phase. In addition, the
surface of the unsubmerged coupons may be affected during the test by the moist air in
the tank gas space. Submerged refers to the coupons submerged in the solution during the
test.

The coupon samples were collected on August 25, 2005 (the date Test #5 was shut
down), and examined by SEM/EDS on August 30 and September 6, 2005. The
galvanized steel coupon samples were dried in air before being coated with Au/Pd for
SEM examination. SEM results present the surface condition of the galvanized steel
coupons. In addition, EDS results provide a semi-quantitative elemental analysis of the
coupon surface and the corrosion products.
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Transcribed Laboratory Log

Laboratory session from September 6, 2005.
SEM Test #5, Day-30 Galvanized Steel Coupons

Conditions: e=15.0kV, WD=11mm

DD @

1--Yellow Deposits on Submerged Rack 2--Sediment (T5D30) 3--Al-Unsubmerged
4--Al-Submerged 5--Gal-Steel Unsubmerged  6--Gal-Steel Submerged
7--Cu Unsubmerged 8--Cu-Submerged 9--Steel-Unsubmerged
10--Steel-Submerged 11--Drain Collar Interior 12--Drain Collar Outside Ext.

Unsubmerged Galvanized Steel Coupon

Image: T5D30SuspGalsteel013 100 x  SEM image Figure E3-1
T5D30SuspGalsteel014 1000 x SEM Annotated image Figure E3-2
EDS: T5D30Susp GS On needle like crystal shown Figure E3-3
needle03 in image 014
T5D30 Susp GS On cracked skin layer shown Figure E3-4
layer04 in image 014
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Figure E3-8



T5D30SuspGalsteel013.bmpl EESSRRER IR

Figure E3-1.  SEM image magnified 100 times for a Test #5, Day-30 unsubmerged galvanized steel
coupon sample. (T5D30SuspGalsteel013.bmp)

{ .nub __ » 4
TSDSDSuspGalsteelmd bmpi AR

Figure E3-2.  Annotated SEM image magnified 1000 times for a Test #5, Day -30 unsubmerged
galvanized steel coupon sample. (T5D30SuspGalsteel014.bmp)

E3-5



T5D30Susp GS needle 03 jpgll

Figure E3-3.

EDS counting spectrum for the needle-like crystal (EDS1) on the unsubmerged,

galvanized steel coupon surface shown in Figure E3-2. (T5D30Susp GS needle

03.jpg)

The results from the chemical composition analysis for TSD30Susp GS needle 03.jpg are

given in Table E3-1.

Table E3-1.

Group NRC
Sample
Comment

Condition :

THD30
Heedle crystal on suspended Gal-steel
Full Scale

ID#

Live Time

Ao .

Yolt

Stage Point

Acia.

Element
Zn K

Element HMassi:
Zn 48.925
(4] 36.525
14.550

Total 100, 000
Nomalization

Hode
Hormal
Hormal
Hormal

Date

ROI (EeV)
g.19-
0.31-
0.11-

Atomics
17. 6401
53.8072
28.6527

100, 0000

factor =

9

20Kae¥Y({10a¥/ch, 2Kch)
60.000 sec Aperture #
15.0 Kv
H=44.601 ¥=63.875 Z=11.848
Tue Aug 30 14:27:56 2005

K-ratio(3)
30.9955
24.2024
29.4584

L
0.0087
0.0125

10.06
0.74
0.47

Chi_square

ZRAF Z F
1.1674 1.1710 0.9969 1.0000
1.1161 0.9160 1.2184 1.0000
0.3653 0.9195 0.3973 1.0000

1.3522

E3-6

Probe Current :

Chemical Compositions for T5D30Susp GS needle 03.jpg, Figure E3-3

1
1.005E-09 A

Het/Background

3521 7
22808 /
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Figure E3-4. EDS counting spectrum for the cracked layer (EDS2) on the unsubmerged
galvanized steel coupon surface shown in Figure E3-2. (T5D30 Susp GS layer 04.jpg)
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The results from the chemical composition analysis for TSD30 Susp GS layer 04.jpg are
given in Table E3-2.

Table E3-2.

Group
Sample
Comment

Condition :

Chemical Compositions for T5D30 Susp GS layer 04.jpg, Figure E3-4

: HNRC

: TED30 TID#

10

Cracked layer on suspended Gal-steel

Full Scale
Live Time
Acc. Volt

Stage Point :

20KeV(10eV¥/ch, 2Kch)
b0 . 000 sec Aperture # S
15.0 KV Probe Current : 1.006E-09 A

¥=44.601 ¥=b63.875 Z=11.648

Aca.

Element
Zn K

Element Hass:
Zn 49.823
[ 16.397
33.780

Total 100. 000

Hommalization factor =

Hode
Hormal
Normal
Hormal

Date

Tue Aug 30 14:32:43 2005

ROI (KeV)
§8.19-10.06
0.11- 0.47
0.31- 0.74

E-ratio(%)
21.9430
29.1554
19. 0550

+f—
0.0081
0.0102
0.0110

Atomick ZAF Z F
17.9813 1.1635 1.1671 0.9970 1.0000
32.2068 0.3670 0.9167 0.4003 1.0000
49.8119 1.1568 0.9133 1.2667 1.0000

100. 0000
1.5324

E3-8

Het/Background

3177 /
294 /
17975 /



T5D30SubmGalsteel015.bmp JEAEEE

Figure E3-5. SEM image magnified 100 times for a Test #5, Day-30 submerged galvanized steel
coupon sample. (T5D30SubmGalsteel015.bmp)

Figure E3-6.  Annotated SEM image magnified 1000 times for a Test #5, Day-30 submerged
galvanized steel coupon sample. (T5D30SubmGalsteel016.bmp)
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T5D30Subm GS Part

Figure E3-7. EDS counting spectrum for the light deposits (EDS3) on the submerged galvanized
steel coupon surface shown in Figure E3-6. (T5D30Subm GS Particle05.jpg)
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The results from the chemical composition analysis for TSD30Subm GS Particle05.jpg
are given in Table E3-3.

Table E3-3. Chemical Compositions for T5D30Subm GS Particle05.jpg, Figure E3-7

Group
Sample
Comment

Element
Al

: NRC

: THD3IO ID#k : 11

. Particles on submerged Gal_steel surface
Condition :

Full Scale : 20KeV(10eV/ch, 2Kch)

Live Time : 60.000 sec Aperture # |

Ace. Volt : 15.0 KV Prohe Current : 1.005E-09 A
Stage Point : X=56.6780 ¥=62.490 Z=11.0848

Acqg. Date : Tue Aug 30 14:47:04 2005

Hode ROI (KeV) K-ratio(%) +/- Het/Background
Hormal .26— 1.78 .9951 . 0008 1109 70
HNormal : 07 .9148 . 0005 1119
Hormal : .30 L4234 .0049 250
Hormal . .06 .3542 L0070 1971
Hormal - AT . 5680 L0121 197
Hormal

Chi_square

Atomicx: ZAF Z
. b28 L0964 1.5366 0.9406
.296 .7594 1.4602 0.9328
. 685 L3677 0.9409 0.9394
016 L8565 1.2072 1.2114
.092 6651 0.3595 0.9447

000 100,

Hormalization factor =
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T5D38ubm GS Surface06.jpg

Figure E3-8. EDS counting spectrum for the grey coupon surface (EDS4) of the submerged
galvanized steel shown in Figure E3-6. (T5D30Subm GS Surface06.jpg)
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The results from the chemical composition analysis for T5SD30Subm GS Surface06.jpg
are given in Table E3-4.

Table E3-4. Chemical Compositions for T5D30Subm GS Surface06.jpg, Figure E3-8

Group : HRC
Sample : THD3IO0 ID¥F : 12
Comment : Surface of submerged Gal steel
Condition : Full Scale : 20KeV({10eVY/ch, 2KEch)
Live Time : 60,000 sec Aperture # il
Acco. Volt : 15.0 RV Probe Current : 1.006E-09 A
Stage Point : X=5b6.678 ¥Y=62.490 Z=11.848
hcig. Date : Tue Aug 30 14:52:18 2005

Element Hode ROTI (KeV) K-ratio(%) +/- Het/Background
Hormal .26— 1.78 0. . 0007
Hormal .50- 2.07%
Hormal .19-10.06
Hormal .31- 0.74
Hormal

Al
51

000 100.
Hommmalization factor
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This appendix shows the SEM/EDS results for the metal steel coupons under two
categories: (1) unsubmerged and (2) submerged. Unsubmerged coupons were contacted
with the solution only during the initial 4-hour spray phase. In addition, the surface of the
unsubmerged coupons may be affected during the test by the moist air in the tank gas
space. Submerged refers to the coupons submerged in the solution during the test.

The coupon samples were collected on August 25, 2005 (the date Test #5 was shut
down), and examined by SEM/EDS on August 30 and September 6, 2005. The steel
coupon samples were dried in air before being coated with Au/Pd for SEM examination.
SEM results present the surface condition of the steel coupons. In addition, EDS results
provide a semi-quantitative elemental analysis of the coupon surface and the corrosion
products.
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Transcribed Laboratory Log

Laboratory session from September 6, 2005.
SEM Test #5, Day-30 Steel Coupons

Conditions: e=15.0kV, WD=11mm

DD @

1--Yellow Deposits on Submerged Rack 2--Sediment (T5D30) 3--Al-Unsubmerged
4--Al-Submerged 5--Gal-Steel Unsubmerged  6--Gal-Steel Submerged
7--Cu Unsubmerged 8--Cu-Submerged 9--Steel-Unsubmerged
10--Steel-Submerged 11--Drain Collar Interior 12--Drain Collar Outside Ext.
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T5D30SuspSteel021.bmpy, 5.8kY  108pm
Figure E4-1.  SEM image magnified 100 times for a Test #5, Day-30 unsubmerged steel coupon
sample. (T5D30SuspSteel021.bmp)

e

T5D30SuspSteel022.bmp .
Figure E4-2. SEM image magnified 1000 times for a Test #5, Day-30 unsubmerged steel coupon
sample. (T5D30SuspSteel022.bmp)
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T5D30SuspSteel023.bmp 15.8kY

Figure E4-3. Annotated SEM image magnified 1000 times for a Test #5, Day-30 unsubmerged
steel coupon sample. (T5D30SuspSteel023.bmp)

T5D30Susp Steel Surface™1 jpg

Figure E4-4. EDS counting spectrum for the dark coupon surface (EDS1) of the unsubmerged
steel shown in Figure E4-3. (T5D30Susp Steel Surfacell.jpg)
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The results from the chemical composition analysis for TSD30Susp Steel Surfacell.jpg
are given in Table E4-1.

Table E4-1. Chemical Compositions for T5D30Susp Steel Surfacell.jpg, Figure E4-4

Group : HRC
Sample : THD30 ID¥ : 17
Comment : Surface of Suspended Steel
Condition : Full Scale : 20KeV(10=VY/ch, 2Kch)
Live Time :  60.000 sec Aperture # -
Acc. Volt : 15.0 RV Probe Current : 1.004E-09 A
Stage Point : X=21.743 ¥=66.867 Z=11.048
Beq. Date : Tue Bug 30 15:38:16 2005

Element Hode ROI (KeV) K-ratio(%) +/- Het/Background
Hormal h.04- 7.40 57.1720 0.0094 15164 /
Hormal 0.11- 0.47 2h.4488 0.0098 256 F

Chi_square 3.9338
Element Hass: Atomick ZAT pos i1 F
Fe 89.763 65.3492 1.0215 1.0227 0.9989 1.0000
34.6509 0.2617 0.8592 0.3046 1.0000

Total 100. 000 100. 0000
Hormalization factor = 1.5370
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T5D30Susp Steel Particle12.jpg
Figure E4-5. EDS counting spectrum for the light particle (EDS2) on the unsubmerged steel
coupon surface shown in Figure E4-3. (T5D30Susp Steel Particle12.jpg)

The results from the chemical composition analysis for T5SD30Susp Steel Particle12.jpg
are given in Table E4-2.

Table E4-2. Chemical Compositions for T5D30Susp Steel Particlel2.jpg, Figure E4-5

Group : HRC
Sample : THD30 ID¥F : 18
Comment : Particles on Suspended Steel
Condition : Full Scale : 20Ke¥(10eV/ch, 2Kch)
Live Time : b0.000 sec Aperture # e |
Acc. Volt : 15.0 RV Probe Current : 1.005E-09 A
Stage Point : X=21.743 ¥=6b6.867 Z=11.848
Acqg. Date : Tue Aug 30 15:43:38 2005

Element Hode ROI (KeV) K-ratio(x) +/- Het/Background
Si K Hormal ; 2 0.1045 . 0003
Hormal : z 29._4350 L0070
Hormal - 15.9559
Hormal

Chi_square =

Element Hass: Atomics: ZAF Z A
Si 0.348 0.4060 1.3604 0.8714 1.5612 0.9999
Fe Th.176 44.6485 1.0562 1.0587 0.9976 1.0000
c 10.179 27.7411 0.2604 0.8849 0.2942 1.0000
.8818 0.8813 1.0011 0.9995

Total 100,000 100. 0000
Hormalization factor = 2.4503
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T5D30SubmSteel024. bmp 5.0k 180pm

Figure E4-6.  SEM image magnified 100 times for a Test #5, Day-30 submerged steel coupon
sample. (T5D30SubmSteel024.bmp)

o o i
T5D30SubmSteel025.bmp ™=

Figure E4-7.  Annotated SEM image magnified 1000 times for a Test #5, Day-30 submerged steel
coupon sample. (T5D30SubmSteel025.bmp)
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T5D30Subm Steel light particle13.JPG

Figure E4-8. EDS counting spectrum for the light particle (EDS1) on the submerged steel coupon
surface shown in Figure E4-7. (T5D30Subm Steel light particle13.JPG)
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The results from the chemical composition analysis for TS5D30Subm Steel light
particle13.JPG are given in Table E4-3.

Table E4-3. Chemical Compositions for T5D30Subm Steel light particle13.JPG,
Figure E4-8

Group : HRC
Sample : THD30 ID# : 19
Comment : Light particle on submerged Steel
Condition : Full Scale : 20EeV({10=¥/ch, 2Ech)
Live Time : b60.000 sec Aperture # il
Aco. Volt : 15.0 KV Probe Current : 1.003E-09 A
Stage Point : X=76.455 ¥=5h4.980 Z=11.000
Acrg. Date : Tue Aug 30 16:26:04 2005

Element Hode ROI (Ke¥) E-ratio(%) +/- Het/Background

Hormal .11- 0.47 2h5.6311 L0237 26871 99
Hormal 14.1923 .0039 3803 b2
Hormal L2601 0063 923

Hormal 1.1529 0008 1283

Hormal .h334 . 0009 704

Hormal . h137 L0007

Hormal .8103 L0053

Hormal

0

0.
0.
1.
ik
2.
A
b.

Soooo oo o

Chi_sgquare =

Element Hass: Atomic: ZAF z
C 49,124 .0147 0.1870 0.9620

4] 26,855 .h826 1.8416 0.9574

Ha .h78 L1603 1.3065 0.9520

al ; .8042 1.1523 0.9602

gi ! .3932 1.0673 0.9487

cl ; .2339 0.9882 1.0049
L3053 0.9247 0.9R32

[l e e o o e
e Rl e o e

Total
Hormal ization factor 1.02715

E4-11



Ha p1si I

Pd

T5D30Subm Steel dark'particle14.JPG

Figure E4-9. EDS counting spectrum for the dark particle (EDS2) on the submerged steel coupon
surface shown in Figure E4-7. (T5D30Subm Steel dark particle14.JPG)
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The results from the chemical composition analysis for TSD30Subm Steel dark
particle14.JPG are given in Table E4-4.

Table E4-4. Chemical Compositions for T5D30Subm Steel dark particle14.JPG,
Figure E4-9

Group : HRC
Sample : T5D30 1ID¥ : 20
Comment : Dark particle on sulbmerged Steel
Condition : Full Scale : 20EeV{10=V/ch, 2Kch)
Live Time : 191.130 sec Aperture # O
Acc. Volt : 15.0 RV Probe Current : 1.003E-09 &
Stage Point : X=76.455 ¥=54.980 Z=11.000
Acog. Date : Tue Aug 30 17:08:10 2005

Element Hode ROTI (KeV) K-ratio(s) +/- Het/Background
Hormal 0. .0114
Hormal .0013
Hormal .0008
Hormal L0109
Hormal L0113
Hormal .0267
Hormal

0.
1.
1.
3.
6.
0.
0.

chi_square

Element HMass3: Atomics ZAF Z
Ha L9569 1.7446 1.6775 0.9412
al 872 0.6582 1.3195 0.9486

5i .890 0.

. 439 0.

836 12,

.074 h4.

Total 100,000 100.
Homalization factor
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T5D30Subm Steel Surface5.jpg 8

10.00

Figure E4-10. EDS counting spectrum for the submerged steel coupon surface (EDS3) shown in
Figure E4-7. (T5D30Subm Steel Surfacel5.jpg)

The results from the chemical composition analysis for TSD30Subm Steel Surfacel5.jpg

are given in Table E4-5.

Table E4-5. Chemical Compositions for T5D30Subm Steel Surfacel5.jpg, Figure

E4-10

Group : NRC
Sample : THD30 ID#

21

Comment : Surface of sulmerged Steel

Condition : Full Scale
Live Time
Acc. Volt

Stage Point :

Bcqg. Date

20Ke¥(10aV/ch, 2Kch)

83.100 sec

15.0 KV

Aperture # :
Probe Current : 1.003E-09 A

1

¥=76h.455 ¥=54.980 Z=11.000

Tue Aug 30 17:15:50 2005

Element Mode ROI (KeV)

Ha Hormal
Fe Hormal
Hormal
Hormal
Hormal
Hormal

Ha
Fe

000 100,
Hommalization factor =

.83
. 04—
R

.28
.40
.02
.14
AT

K-ratio(%)

0.6403
h8.7678
.1879
. 4760
. 0267

Chi_square

ZAOF
L0987
.0432
.0680
L8877
.2692

4
L8635
. 0450
L0710
L8717
.8754

E4-14

S

. 0069
0
L0017
.0120
L0128

Het/Background
655 72
21567
hd
7133
390
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